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WO 00/05390 CONTROLLING STARCH SYNTHESIS 

FIELD OF THE INVENTION 

.w A r.f Wrw^ino tomatoes with increased starch 
The present invention relates to a method of breedm, tomato. 

5 ,„ ^ i. rda.« <o ^ "« of genes *a. increase s,.,* in *. .o™«o. 

BACKGROUND OF THE INVENTION 
^ „„as con,«„ of npe ,0^.0 i, a n„ior de.en»»« of ■» -""^ 
,.„I»U.C......».o..c...on.en...^>™.ov^^ 

• . ,nm«oes and the taste of fresh market tomatoes have been the goal 
Industry tomatoes ana mc i« 
,0 projects fcr n»ny yeen. Seveo. appro„Kes >» improvng sCds ..«ls Have 
passing bo.h.gro,edmica,«.d generic manipulafons. 

Soluble solids conten, of .omaro fiuit are pnmanly composed of »g.rs. org 
1 CoUecively .he soluble soMs conren, ,s a n»,or d...n™»»» off.,.. ,..ab.y, bo* <^ 
. Tl for ftesh n-rlce. consomp.io. Approxin-* « 

15 content is contnbuted by tn s ^ • glucose and fructose in 

esculent, consists of the monosacchande reducng st«ars glucose 

approximately equimolar concentrations. 

Several strategies to increase sugar concentrauon m npe tomato tru ^ 

^„.fU«ge»e.ic,r«.ofs„croseaccu™»l».on.^.Ke"ldJ.,.^^ 

S Hewi.. J.D.. Robinson N.L.. D»»n N.S. a.d B««e.. A.B. .9..^ PL Y 
- ::L.0.andVeaeS.,ae.ela.a.T..:.ra.MOeye™.,^^^ 

»u - 1 OS 1026.1035) and I. A/rM (Miron D. and Schaflfer A.A. ivy 
25 Physiol. 95. 1026-1UJ3 ; an ru:„h fw.ctose to «Hucose latio in the 

,5^-«7X as well as .he .ranaf^r of .he gen«.c .ra. oH^* , 
^ »„i. f^om L (US Pa.en, Applic«.on 0./5.0.^.6. Ure d^ 

^,or..ed bcrein .y refer^cV - U„er appr^cb .as ».d^po^e ^ - 
oo.po.«.ofca*obydra,e.e.abolis.ind..eop^g.o^^^ 

u-^^komirnl steos whose modificauon may leaa lo inww»«s 
30 identifying biocherrucal steps wnos ^^^^ 
. i_ r •♦'V^iiPPtal 1988 l99l:MironandSchafter, iwi;. ^"^'= 
r:irp"rH - .arg..ed ro. — ^ cuss^cal generic n^ans. 
'I::s:ri:f.r..g-ypicb,ocberaic..r.,.orbyn»,ec*gene.cs.....s. 
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The you.s d.vdoping .om„o W. is ctaccrized by a ,m».m starch accumuUuon 
^ c» cmribme cer 25% of ,h. dry waigh, of fmi, fao. S,.,ch conc=m«on 
b-iM ,0 increase wiUun days after a„,hesU and reaches peak concen.ra.ions before *e 
^ suge (Schafi^. and Pe,r».ov, M. ,9«,, P,a„, Physiology U = :73..«6). A. U,e 
Lre ..age .his surch is pracic^iy absen, in ,be ,o.a.o f,.,, .issue >, ha, been h,po,h.s.«d - 
.h., .he «hsi«,Uy ac»™»....d s-arch s«.es as a reservoir of carbohydrau <br ,he U,.r 
^Mo„ of soluble sugars in .h. nu..re f,ui. (Dinar M. and S..vens M.A. 1981. J. Am. 
Soc Hon Sci. 106:4,5^18). Dinar and Srevens laid ,he groundwork fbr .his h,poU,es« m 
^ oon-panng seven g.no.yp=s of ,o™a.o whose ,0,., sol^l. solids (TSS, ^ ■» 
ripe fM. spanned .he specrun, fro,n 4.6 ,0 6.3 -Brix. They found TSS »h»s ,n np. 
W. were posirively co,Teia.ed wi.h s,arcb eo„,en. in young. inuna»r. fhn. ^ propo«d .h« 
,hep,oduc,sofs»rcbhydrolysiscon,rib».e,o.heaccumula<ionofsolubl.su8ars. 

The .oma.0 plan. .r.nsloca.es pho.osyn,ha,e ,o *. W, in *. fbn, of sucrose (Wile 
, , and HO LC. 1977, Arm. Bo.. 4,:.13-823) and therefore, .h. .«npon.l «»™«h«,on of 
„.,ch will presumably be derennined by .empora, changes In *e acdvides of Ic^ >^ 
evolved h, sucrose .o surch merabolis.. The e.zy™.,c pa,hw.y of surch '>^- 
tonu-to fiuit has been studied and described (Sch.^. A.A. «.! P«re,lco.. M. .« Plan. 
Physiology .13:739.746: Scbaffer. AA «.d Pe.reil»v. M. .997b. Physiolog- Pl»«.™, 
,0, .800-806). Four enzymes were id»«ir,ed ^ po.enMy limi. starch .ccunml...on m *^ 
W. b..d on .heir absoh..o .aivi,ies. as we., as on *e d.veh.pn»nu. ch«.ges .b»r 
.c.ivi.i.s which correlare .empondly wi* .he de»el.pm««.l changes in surch le^ls. Th«« 
en^es include those Uta. caulyze U,e iniUI s«ps of sucrose m«.bolisn, in young fn. 
,^,ose synthase, E.C. 14.1.13, and iiucold„.s. EC. 2.7.1.4, as weU as .he ,.»er s.,ps of 
starch synthesis (A0P-gh.cose pyrophosphorylase. E.C. 2.7.7.27. >^ smch synUtase. E.C.. 
24 1 21). m addition. Schaffer ^ Petreitov have shown surch .ca„nuh,»on ,s .tssue 
specific locliaed prim«ily in the cohnnd.. ^ imter pericarp tissues, and suggesud 
rdanve contriburions of »..se .issues .0 fnri. bulk c«.ld impac. on ftui. surch '0™™ 

Re»^ has cloari, shown to on. of .be above menrioned enzynes. ADPOPPas^ 
(ADP-glucose pyrophosphorylase). ma, be IWring .o surch symhesis in .onuto fm,t. as wol 
as in other surch acoutnuladng tissues, such as potato »b.rs In Stark D.M., B«., G.F. and 
rOshor. C M .996. Ann. NY Cad Sd 792:26-36. transgenic tomato ph,«s ^ potato pUmct 
"were dev^oped wi,h a bacerial mu.».. form of ADPGPPas. (£ ^1. 01sC16. a gl,cos«. 
overprodu^). Transgenic .om,.oes showed a higher surch conun. in .he imm«.rc fiut. and 
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an increased sugar content- in the mature fruit. Transgenic potato tubers with the same bacterial 
gene construct also showed an increase in starch content. Reciprocally, inhibition of 
ADPGPPase activity decreased the starch content of transgenic potato tubers, further 
indicating the importance of ADPGPPase in controlling starch accumulation. 
5 The use of a gene for ADPGPPase of bacterial origin requires molecular genetic 

manipulations in order for the gene to function in eucaryotic plant tissue. For example, it 
requires that an artificial gene constmct be developed that will encode a fusion polypeptide 
containing a specific amino terminal transit peptide, not present in the procaryotic gene, as well 
as other DNA sequence additions that will cause in plam cells transcriptional termination, and 

10 the addition of polyadenylated nucleotides to the 3' end of the RNA sequence. In comparison, 
the use of a plant gene for similar transformations does not require these manipulations. 

In addition, the development of plants with increased or modified activity of these 
enzymes, based on the natural transfer through classical breeding techniques of naturally 
occurring alleles of these genes, can benefit from a number of advantages. For example. 

15 classical breeding techniques lead to the positioning of the desired allele in the natural position 
of the gene of interest, leading to genetic stability and obviating the unpredictable "position- 
effects characteristic of the development of transgenic organisms. In addition, with respect to 
consumer preferences, there are obvious advantages of a naturally derived commercial product 
such as a tomato fruit, compared to a transgenically derived tomato fruit. 

20 With respect to fhictokinase, two genes from tomato fruit have been identified, cloned 

and sequenced (Kanayama. Y. et al. 1997. Plant Physiology 113:1379-1384). One of these 
genes. FK2. is particularly involved in the metabolic pathway associated with starch synthesis 
(Kanayama et al. 1998. Plant Physiology 117:85-90). Similarly, the gene for sucrose synthase 
from tomato fruit has been cloned and sequenced (Wang. F., et al. Plant Physiology 103:1463- 

25 1464; ) and has been shown to be the gene for sucrose synthase of sink tissue (Fu, H. and 
Park, W.D. Plant CeU 7: 1369-1385). 

With respect to ADPGPPase, the enzyme fiinctions in higher plants as a 
heterotetnaner. comprised of two large and two small subunits (Preiss. J. and Sivak, M, In: 
Photoassimilate Distribution in Plants and Crops, Zamski, E. and Schaffer. A.A., eds.. Marcel 

30 Dekker Publ, NYC. pp.63-96. 1996) which are under independent genetic comrol. Three 
separate I. esaiie,m,m genes coding for the large subunits and one gene for the small subunit 
have recently been cloned and sequenced (Chen, B.Y. and Janes. H..1995. Plant Physiology 
109:1498; Park, S.W. and Chung. W.l. 1998. Gene 206:215-221). Much eftbn has been made 
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i„ o„..r ,0 id.n„iy of ADPOPPas. g=«. ,„ pla^s ,ha, ™y cc„,Hb„,e .0 in,p,<.ving 

co„.». « tor «™p.e in oo™ (Olrou. MJ. =, ... Proc. N.„. ^^^^^ 
93-5824.5829), «*.r= ».«pe»nc n.u,.no„ of .he g.» for the large s.bun,t of ADPOPfase^ 
^ . ,r»sp«.b.e CenKn. Ds sy».m. ,«i .o an i„.nio. n,o,.,io„ of ADPOPP»e whioh h«. 
S sensitivi-y .0 >h. ADPOPPase irrhibUor. phospta,.. a. well a. incr,^«i «.d w«gh,. 

A» reganb ,0 the u» of wild .pecies of Lyccpersico.. for the «oMc-on of 
^^,e n,«.bota » tonutocs, as described i„ US Patent .p,«c»„o„ 08/5,0,216 
« .he ftuctose to slueose rauo in L Mrs^u. is ^gh, the actua, a^oun, of fn.c.ose »d 
^ is low. .^eco-nbination of the genetic trait of Suctos. to giuc... ra„o to^^ 
,0 L th. ,„i. of »gh jocose and Setose ieveis fro™ . »,*n„» ,i.d.a,he onotvto.^ 
d«-^e .r». of high ieveU of hexose, together with the high ratio of f™c.o» t. gh.co«. 
H„w.v« L «r«. ih.it accumttlare only low amounts of starch, « compared to the 
,^U«ed.. escfen,™ (Miron and Schaffer, ,99,, P„n, Ph,sio,ogv 
,^r wild species of I^o/^rr/co,, .,so accomuiate little starch (i.e., L. c/.».«»*-, V^l. « 
,5 .1 .988. Plant Physiology 87:737-740). Thus. ,h. prior an has never expected or consrdered 
U,e use of wild ton^toes as a possible source of gen«ic variabiUty for the increase ,n starch 
accumulation. 

SUMMARY OF THE INVENTION 
The present invennon seeks .o provide selection strategies for tontatoes with high 
20 starch content in the young fn.it and subsequent high soluble solids in the mature fruu. 

There is thus provided in accordance with a preferred embodiment of the present 
invention a method for controlling starch synthesis in tomatoes including provtdtng a 
population of pl^ts denved from interspedfic crosses Lycoperslcon spp. with Lycoper.con 
escu,e.u. genotypes, and selecting individu^s of the population that each contam an ^.ele 
25 a gene that increases starch symhesis, the gene originating from the Lycoper.,con spp. 

In accordance with a preferred embodiment of the present invention the step of 
selecting includes selecting individuals that each contain the allele of the gene that encodes for 
an enzyme that catalyzes a metabolic step in starch synthesis. 

Funher in accordance with a preferred embodiment of the present invention the step of 
30 selecting mcludes selecting individuals that each contain the allele of the gene that encodes for 
asubunitof ADPGPPase. . ■ 

still firnher in accordance with a prefened embodin,».t of .he pres«.t ,nv«...on the 
step of sceaing includes selecting individuals that «.ch contain the allde of the gene th« 
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.„co,i.s for . Lycop,rXco« fe»»».-den«d subuA of ADPGPP«=. 

Adauio„.H, m accord-nc. with . pr.f«r.d ™bodim.n, of ,h. pr«»-. .nv».uon 
aep»ts=l«.in«mclud«s.l«.lngb,usii.gan,ol«ul.r™.rtefi.rth.8».. 

,„ acc»;.»» WH. a prrf».ed »„bodi™«.. of ,^ pr.a». invenUon .he mo,ecu.a 
5 „a,to indud.^ «P of»i».insin=.ud«.i>-P'™""«'»«™-^"^'^ 

"'^^Tl^'m accorda™. »ith . pr=f«r«i »"bcdin,e„> »f "« 

i„dud« by .eaauHns ac,Wi.y =f -y-« » « 

UK,se young fiuit «ilh high aclivity of ite enzyme 
,0 JfU.th.rin.c»*»ewKh.p,.f«r.d.n.b.^».e".of.i.= P-- — * 

S..P of sCecdng incWes >^ by ,™aaunng ADPGPP»e .«»„ of ,h. young fhnt. and 
sel«»ia those young ftui. "ith high ADPGPPase aamly. 

1 accoLce a P^fer^ ».bo.i.en, of ,he p..„. invention ,he 
spp. hKiudes a .>c„^r^- SPP- of r-O-i"- -^^""^ 

There i, also provided in accordance with a preferred eml»d,n,en, of .he pr..« 
i^on a n,«J»d of producing gen..ica„y .ransfor^ed pian., which have e,eva,e «a^ 
cn»n. h-dudU-g .h. «epa of inaening in.o .he genome of a P^. c=i. a """^"-^^^ 
^ OWA moiecu,. ^*.g a .deced pron».e.. a s.™c.„r. O.. »,u»^™ 
,0 ^ produuio. of an RNA a.,ue». which encodes .he .hove d^ohed ADl^P^ I-S 
prol. „h»i.*g .ansfor^ed plan. cd,. and ,egene„.n. fro. .he P>» cdb 

jcaically .ransfonned plants wi.h d.va.eds<archcon.enl. 

Jaccordanc. with a preferred en.h«din,», of the preaeo, inventton ,he pUn, cd. ,s 
^ fton, the ^oup consiaung of a ,on.to cd,, a potato cdi. a cdi fron, a soi^taceou. 
25 plant, a legume cell, and a grain crop cell. 

in accord^-ce wi.h a preferred e.b«d.men, of ,he presen. .nve„.,on *. 
prontoter ia sdected .o. ,he group consis.,ng of », .in,»a~re W. p.on».er. a tuber 
nromoter, and a seed promoter. 

Stin -...her in accordance wi.h a prefe^ed en,bod,m». of *e ""^^ 
,0 ^ o<,^r^ Wudaa regenerating ge».,cd,y t^nsfon^ed pUnts with devatod stard, 

content in an immature fniit. 

,n accord»,ce with a preferred en,bod,™en, of .he preaen. ,nv=„.,on .he s,.p . 
. reg^eradng .ndudes ,.gen.ra.,ng gene.ica„y tranafo^ed piants with devated aurd, content 
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in a tuber 



,„ accordance a prefe..- e*di«» of p«s« invemion ,h. s,.p 9f 
^ -M. ..=.e,a... see.* .^sro™. pun. ^ ..v«.. ««c. cp..« 

™. J If .so ..P Of P^Pa^". - — 

-'^r:^r ^^^^^ - » p..^ — --.^^ 

, a P..UC.. acco... .o a., of.. ~ ' 

p.^„„dbya.chap^.anaa».a»«ch»h»gro-™,-^-s»^^^^^^^ 
BWEF DESCRjrnON OF THE DRAWINGS 
^„«.„,i„v».io„wi»b.un^oodandapp.d..d™re^»,fto„*.fo..ow.. 

, --■-^:::;ror^^^^^^^^^^ 

u Jp^ Hnes (95 929 95-931 and 95-935), compared to a standard cultwar. M-82. Data 
three BCF6 hnes (95-929. 95 9 ^.^^^ ^^^^ 

from each plant is an average of TSS values trp ^ 
from95-929.95.93, and 95-935 led to the BCF7 h-gh starch breed.ng Unes 90 

respectively. 

rro:::ru::=r«^e"---'-"-»»r^ 

, . • K>! 90 ThP * sicnifies statistical difference oeiwecn ca^i 
'•"^ ;l ao. „o, indica. di..™.c.s b«wc=n ,^ -rch 

'^'^Ti: PG. «ocoa-,»n»,a.. PGM ,p.o,.o^..»-) 
25 lines. For the enzymes PGI (phospnog 

„ase on. one fruit was ana,.ed per line and ^ e^-^^^^^^^^ 
datively «gh and apparently in excess (as ,n Schaffer and P t e.^O 
differences were assumed. For the other .ssays. a mmtmum of 4 frutt from 

were assayed. _ ,„d the starch levels of immature fruit of 

Table^showstheTSS valuesofmaturefru.t.andthestarcnie 

30 Table , , ,„jrogresston 

Krf "-7 904 the hybrid between them, a mix of 1 1 hybnds oei ec , , , 

ridi:. L^^. - » rrz: ~r: 

teK,gr.ssio„ Un«. A. .wo f^u fron, each of .he ,»l,Wu.l bybods were 
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to. ^ «« .»« .b. hybnd b«w«n ,hem .«y=^^ . 

T*l= 3 shows .he ««yn.. .cMte of —re ta, penearp of M-82. 904 U,e 
H^Hd h«we.n UKO. . of 6 of , he U h,b,Ms be,wee„ 904 n .n.osress.o„ ,»es 

^he. . - .h. ^ * ore of ,h. n h^nas .e.w.e„ 

L^ion Uoes^ Fo, KM2. 904 ..d ,he HyhHd he,we.. ,he™. .wo .on, ,nd,v.dua, 

plants were assayed. , 

4 shows ,he oocleoUde s.^»,oes of .he f„™.rd a.d reverse pnn,e. <^ m .h. 
PCK ».,«s of 0« 3 ^e »d , ».h-s of ADPGPPase .d the 

IJ^ used » di^es, ,he PCK prod„« . order .o oh..„ .he s^o.,^ 
T.bl. 5 Shows ,he .«M.y levels of ADPOPPsse of F2 p.».s iroo, .he cross of h« 904 
^ M^Z The U, seoo-VPe of .he p.».s w.s characenzed a. .he «»<«»^^-J 
eescnhod tathe, here™, APPGPP»e ».,vl.v and s.aroh levels are .he averages 4^m. 
(S.,3 g,.) »o. dividual F2 pl».. TSS values are .he average of a — of 5 .h.t of 

•^'Te''. is .he »cle„.lde se,oeoee of A.PCPP.S. LSI (AI.P0U.CO.. 
^p,K,spho,ylase. larBe s.boni. 1) from L 

Table 7 is .he deHved aipino add sequence for ADPOPPase Lil ^ 

pvrophosphorylase, large sobunil I ) from i. 

DETAILED DESCRIPTION OF A PREFERRED EMBODlhffiNT 

The followiag Is one e,ao,p.. of c»« ou. ,h. pr=s», lnv«.ion. Ptos of <ho^ 
breeding U„e 1630 (a Volea.* ,ns.i,u,. m-e s,.r». bre«««g ^^''^^ 
prodoCon of .he inierspeciSe hyW) w«, pollina,.d wi,h pollen of ,h. w,ld 
.LAH.,. H^nd F, p,-. were grown a. .owed ,0 
seed. F2 seed were sow. ».d abou, 350 pl«»s were grown in a s=r.«*ous. »,d .llow«i 

"""r^h from each indi^du. p.a.« which p,od.ced ^ wore ^ 
f„, solubl solids ,refracom«nc.»,). O.^ 25 of .he in,«,p.* R pl«..s f^ P'odu»^ 
1 Pollen from one plan. ,F.-S« which was characeHaed b, high sol^l. ^ ^ » 
::re ai mg soluble sogar. composed of snco. .uc»e a. '^^ZZ^t 
weigh, of fhn.) was used .« poUin«. a s.a.d.rd, indusoy .yp. .o~.o (br.ed»,g hn. A70,) fo 
rluc.,o„ of.hebac.cross.Fl (BC-F„ po^aUon. ,00 BC-F, p.«s w», grown n 
rrLure fn... of individual plams w^ ana^ for so.ble solh. ,e.-om«r.c.„. 
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,3 wen as soluble sugars, as above. A pedigree, single seed desce. se.ec:ion program - 
Led ou. se.ec.ng .e plan. wi. .gHes. a, soluble solids and soluble .^^^^^^^^ 

veneration consisted of at least 100 plants. This selection techmque was earned ut or s.x 
::rions,u„tiltbeBC-P7 generation leading to breeding li^ 

the standard industiy type cultivars. 

Fig 1 shows a series of histograms representmg the BCF6 lines trom 

, . . Th. RrF6 95-929 had an average TSS value of 4.8 (1 1 
RCF7 breeding lines were selected. The BCF6 9i nao s , , , 

BLf I orccuiiiB of 5 7 (S p ants. 5 fruits 

olants 5 fruits per plant), the BCF6 95-93 1 had an average TSS value .IP 
plants. 3 nuu P K / of 6 1 (1 5 plants. 5 fruits per plant). 

, „i»nt^ and the BCF6 95-935 had an average TSS value oi o. m i v 

5 ^ per p.».). Th. »d.v*.. plan, se,cCio„ 95-9.«. wh,cH ,0 BCP7 bneJO . 

^ 1 , H ,„ d» BCF7 U„. 90, had a TSS of 6.5 wUh a plan, ydd of 7.2 kg fm... Th. 
^ch led 10 th« BCF7 90 1 , BCF7 Una 904 had a TSS of 6.6 wilh a 

todi«dual plan, sataion 9S-935-5. which lad lo Iha BCF7 hna SOT. n 
uHinmai pian .u„fMji»as611t!l.ba!edonanaveta8eof 
plan, yield of 4.7 kg fn«t The averaga plan, yald of MJ- »aa 6- 1 »• 

' ""'1 ,he BC-F7 gana,a.lo„ 1— e f™U (app.o«. 15 ^ afte. ...has.) wer. <^ 

J lave., a. dLhed i„ Scha«ar and P.„.»ov<1997., 90O. 90, and 904 
Illed h — »a,ch ,av.= .gnlBcan* «gh., th« of a .-ard ^ 
t::L.o ouL. ,Tah,e ,). A ao^pa^ve ».va, of a„z,n.l= .clv.,.s .nvoWe^ 
rla .0 s.a,ch .e-ahohs. aa daacHh«. In So^» a^ - ^ 

rLa.u. of *a - hrae^ »nea and *a s,and»d. M-S. Typ.^ ^su. » - 
;e«„,ad IP Tah,e , and ahow .ha. h^lng ^ 900 . ^ -'^^S^ 

eve,, of acl^.y of .he «^ ADPGPPaa. ^oU^ wh.le hnea 90, and ^ 
ILenaed hy al^Hcan., «gher .c.i.Hl.a of .ha »»y«.a ADPGPPaae alone. Una 9« , 
rc.a..dhy^hehlghes.,a.e.of.h.an^aM>POPPaaa«nong,ha,H.w^^^^^^^^^^ 
used for «.nh» of U,. role of ADPGPPaaa » s..,ch accun.Uuon and TSS ,.vd. 

'°""°Tt.gh .arch ^ 904 waa ..nher hyhHdIaed ^ >.dep.hden, .o,na.o 

, .reading hnea. ,n p..,., *a - ""^IT lit 

hyhndlaed wUh aach of .haa. ^ The dave. used ware Son, ,^ L p.,««>lv 
:igre.io„l..aOUS,.Thes.ln,rograa.onUnea.r,ase,ofp„re...l»aa«^ 

chromoaome ,egn»n. of .h. wild green-fmi-ed ^»*»'-" 
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of the cultivated L. esa.lenn,m cv M-82 (Eshed et a... 1992, Theor Appl. Genet.. 83:1027- 
,034) These lines were developed from an initial interspecific cross between L pemellu and 
L esculentnn, cv M-82. The resulting Fl individuals were backcrossed to L esculemum cv 
U-n and selfed for several generations. During the process, chromosome segments of L 
5 pemellii were selected for using restriction fragment length polymorphism probes covenng the 
entire tomato genome. The introgression lines therefore provide a set of nearly-isogentc hnes 
for segments of the wild-species genome and enable the association of yield traiu with specfic 
wild-species chromosome segments (Eshed Y. and Zamir D. 1994. Theor Appl. Genet.. 
88-891-897) Eleven such introgression lines were used for this study. The assumption was 
,0 that crossing the 904 high starch line with this broad spectmm of genotypes, and crossing tn 
parallel M-82 with the same identical genotypes would supply us with a broad spectrum of 
genetic background in which the genetic effect of 904 could be discerned. 

Starch levels of the immature fmit. as well as soluble solids levels of the mature fhatt. 
from the average of the eleven hybrids with line 904 were significantly h.gher than starch levels 
15 of immature fmit and soluble solids levels f^om mature fnnt from the parallel hybrids wth M- 
82 (Table 2). A number of these immature fruit, representing the high starch hybrids with 904 
and the low starch hybrids with M.82 were subjected to a detailed enzymatic analyse of the 
en^es involved in sucrose to starch metabolism in the immature tomato fruit (as descnbed 
above) Table 3 shows that of the ten enzymes assayed, only ADPGPPase activity was 
20 significantly higher in the hybrids with the high starch line (904). compared to the hybrids w«h 
the M-82 line. 
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Table 1 • Starch levels and enzyme acuvities of immature tcato fruit (approximately 15 DAA) 
for CV M-82 and three high starch breeding tines 900. 901 and 904. 





M-82 j 900 


901 i 


904 


Starch (mg/gfw) 




23.2* j 


34.9 ♦ 




1 








i 








Invertase 


15480 i 


14690 


18980 


17870 


Sucrose synthase 


29570 1 


31970 


33260 


27570 


fnictokinasc 


91 


150 • 


92 


1 137 


phosphoglucomutase 


5760 


6650 


7830 


17490 


phosphoglucosisomerase 


1950 


2000 


2870 


i 2060 


UDPglu PPase 


15080 


16760 


17250 \ I'iiw 


ADPglu PPase 


40 


142* 


84 * i 268 * 



■ • , • ;fir,„« (V<0 05) of each individual high starch line as compared to 
♦Indicates statistical significance (P < o ua; " 

M-82. 

Table 2. Starch content of— fruit (appro. 15 days after anthesis) -^^n^^^^^^^^^^ 
values of nature f^it of line 904, M-82. the hybrid between them, the m.x of 1 hy r d 

• rn« m and the mix of 1 1 hybrids between 904 and the 
between M.82 and 1 1 introgression hnes (ILS) and tne mix o 

same 1 1 ILS. 



Genotype 


Starch 
mg/gfw 


**Brix 


M-82 


23 b 


4.1 b 


904 


58 a 


8.1 a 


M-82 X 904 


46 a 


7.1 a 


M-82 X ILS 


j 25 b 


5.3 b 


904 X ILS 


i 44a 


1 7.5 a 



Letters signify statistical significance at P < 0.05 
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Table 3: Activities of enzymes in the sucrose 
fruit. 



to starch metabolic pathway in immature tomato 




5 * statistical significance at P < 0.05 

ONA primes for >h« fo' * ' ^'"^^^^ 

^^^^^^"^''^^POPPa^ sob-.s (.5 M> « vo.™., con..^ .» 
Amplification reactions of the ADPGPPase suDunii k ^ ^ i mM 

...p,.. DN.. 2. TAPS « «-0. 30 KC. 2.5 ^ 

,5 dCTP, dOTP wd d J. . ,s„p.,No« T., polymeric. Mad, 

T.WO 4, and , uni, of Ta, DNA ^ 

Ud.. Rishon U Son. Raacons carmd out in an 

Kesea^ Wa,.o».. — s«.s. USA, -nc*-- was « ^ 
„„^d 3. CC. of d=n..„..on a, ."C fo. , ^ 

• 79or f„r 1 min and 45 sec. Final polymerization at 72 C was carneu 
20 polymenzation at n'C for 1 mm ana sci. 
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10 Lil Of the amplification products were digested wrth 15 

, ^ ...3 ; ^„ ^ „ , cT* 

Lto. 904 «» shown >o carry the I. Wn.».g«. ' «<»to«»». 

homozygous for the I. />/«i'«'m j^^^ 

. ,x:v\ or heterczveous (HE) containing both alleles. 
esculenu.. allele (EE) or '^^'-^^^^ ^ ^ ,,„gi, ,,,,, Immature firuU 

segregated for the LSI in a ratio of 16.31 .17. - ,,,els 
^„ a n^nimun, of 4 of each of the determined ^enot^^ w J ^^^^ ^. 

. r AnPGPPase activity. Results are presented m Table 5 and clearly 
and for ADPGPt'ase acimiy . . ,r.*.cific PCR primers described, 

-.for ADPOPPase LS,, . "'r^. FurLnor. .beTSS 

i:„„.„».r.«,w.«W,in„ua,««.^..e^«««°^*'>^''-- 

J • ,v,» PPR analysis of the 3 large and 1 small 
Table 4. Petard and reverse pnmers used ^^^^ , 
subunits of ADPGPPase and the restriction endonudease used 
order to obtain the L. Hirsutum specific allele. 
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Table 5- Effect of genotype of LSI on ADPGPPase activity and starch levels in immature fruit 
and TSS in mature fruit. ADPGPPase activity and starch levels are the averages from 4 fru,t 
(8.13 gr.) from individual F2 plants. TSS values are the average of a minimum of 5 fhiU of 
each genotype. 



Genotype 


ADPGPPase 


Starch 


TSS 


EE 


104 c 


16.4 b 


5.3 b 


EH 


, 306 b 


25.2 ab 


5.9 ab 


HH |450a 


37.3 a 


6.3 a 



LMters signift sutisliral difference at P < 0.05 

.f .he . ene e ncodi., ADPqF Pi,. ' H VW.m L 'ifr^m C 

,0 Toul BHA w« »«n..,cd from young fmn, (3 sran,= in weigh.) of a. Indivdul pto. 

homozygous ..r ..e ADPGPPase ..rse »bu„„ (tS.,. T,« RNA e«ra«ion w« c^d o« 
„A,g ,he ™.ol ,eag».. sys.en, (GibcoBRL life .ech„oU.gi.s. Mthersburg. MD, USA). The 
„,a, ^A wa. used .s ,e.pU,e fo, ... s.ra^ cDNA ^^J^J^^ '"^"^ 
p,ea„p,i,ic„io„ sys.e. (OibcoBRi. .if. »*o,ogies. Gai,i».^* MD. USA). ^ ^NA 
,5 prepared was us»i as ren-piare in a PCR r^icdon .0 .n,pii& .h= gen. encoding ADPGPPaae 
large sul«.ni, aS)- The DNA fragmenis containing *« ADPGPPase iarg. subu„, (LS) w». 
„L f^om . agarose gei «,d purifted u.ng,he OENECI£AN U Xi. (BIO >0, i^.. U io»a 
CA. USA) The PCR l».ds were .hen cloned in., an pCEM-T Easy v.c.or using .he pGEM-T 
and P0B4-T Easy Vector Systems according .0 manufacturer recommendations (Prom^ 
20 corporation, Madison. WI, USA). The DNA Cones were sequenced using an ».tom«ed 
senuencer (Applied Biosystems. Foster Ci^r.CA. USA). 

Table . is the nucleotide s«^ of ADPGPPase LSI (ADPGIucos^ 
pyrophospl»^..s., .rg. subuni. » from Table 7 is the deHved ^no ac^ 

sequence for ADPGPPase LSI (ADPGIucose pyrophosphorylase. large subumt 1) fiom i. 
25 hirsuiuw. 
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r. ADPGPPase LSI (ADPGlucose pyrophosphorylase. large 
Table 6: Nucleotide sequence of ADPCri'l'ase 
subunit 1) from Z-Wrsumm 

1 t^GAGAGAAGGAGATT^^^^^^^^^ 

,01 ATCTCAGGAT -^^^S^fJJ^^^^^ GTGATCACTA CTGAAAATGA 

151 aagaagatta aacctggggt JGJZIJ^^cg TCTTGAGAGA CGCCGGGCAA 
io CACAGAGACT GTGTTCGTAG ^^J^^^^l^ GAGGAGGCGA AGGGACCAAG 
251 ATCCCAAGGATGTGGCTGC A GT^^^^^ CGGTTGGAGG 

301 TTATTCCCACTTACAA^^^^^^^^ AACAGTGCTA 
351 ATGCTACAGGCTCATAGACATCCCGAT^^^ CCTGAATCGT 

401 TTAACAAGAT mGTGCTC A^^:^^^ GTGAGCTTTG GAGATGGATT 
451 CACATTGCTC GAACGTATH TC^^ TGGGGAAGCA GGAAAAAAAT 

501 TGTCGAGGTACTAGCTCK/^CT^^^^^ 

551 GGTTTCAAGG AAC AGCAGAT GCTGTCAGAA ^ ^^^^^^ CTGGGGATC A 
601 GACGCTAAGA ACAAG^^^^ ^'^^^^f^S^^ 
fiS 1 TCTTTATAGG ATGGATTATA ^GGAU 1 1 „q . ^^^q cCGAGCATC A 

70 Sgctgatat tactctttca tgigcao^^^^ TCCAGTTTGC 
75 gattttgggc tggtcaagat tgacagcaga ggcaua^ gatactactc 

8 ?gIaaaacca aaaggttttg agcttaaagc^^^^^ 

85 ttgttggatt atctccacaa gatgcgaag a i^^^^^gc tcttgaaatg 

9 Sgggagttt atgttttcaagacagatg^^^^^ 
95 gagctacccc acttctaatg a^igg^^^^ 

! il T^^TGA-ITA CAATGTCC AA GCATAC ATTT TCAAAG^^^^ AC ACAAGA 

051 attggaacaattaaatcttt ctataato^ 
no gtttccagagttccaatttt ^^^gatc^^^^ 
5 ctaggttcct tccaccaacc aagajagac^^^ aacactccat 

0 AT^TITCTC ATGGATGTTT CI^GCGAGATJG^^ AAGGATACTT 

25 agtgggtgaa agatc acgct tagactgtgg t tgcctccctg 

no tcatgatggg agcagactac tacc^c^^ caaaaataag 

1551AACAGTTATATGA 

Tab.. 7: D^ived a.ino add «,u»c= for ADPGPPas. LS> from L 

, sKSua^i^^GVAYsvrrm^^ 

^SSXS&AK,OKNVSnNKI>C 



PCT/1L99/00396 

WO 00/05390 J J 

VQEADRPEEGFYmSGITIISEKATIRDGTVl 

In the foregoing example, the large subunit 1 of ADPGPPase was shown to increase 
starch level. Although not specifically tested, it is reasonable to assume that the present 
invention can also be carried out by transferring the L hirsmum genes for any of the other 3 
5 subunits of the enzyme, using the specific PGR markers developed for each of these genes, as 
they may also increase starch. In addition, transfer of ADPGPPase genes fi-om other wild 
tomato species, other than L. hirmum, may also increase starch in crosses with L esculenttmi. 
Additionally, transfer of genes for other enzymes of starch synthesis firom wild species, such as 
fhictokinase and sucrose synthase for which the gene sequences fi-om L esanentum are 
10 known, may also increase starch levels. 

Those skilled in the art will recognize that the described gene can be used to genetically 
transform plants to increase starch content. Plants that can genetically be transformed to have 
increased starch contem include a large range of agriculturally important crops, such as but not 
limited to. potato, tomato, com, wheat, cotton, banana, soybean, pea and rice. The plam 
15 transformation technology, including methods of transformation, such as the use of 
Agrobacerivm wmefaciens, and methods of developing constructs, including the use of tissue 
specific promoters is well established and has recently been reviewed by Christou. P. 
("Transformation technology". Trends in Plam Science. 1:423-431). There are presently 
avaUable numerous promoters, including the constitutive promoters (CaMV) 35S and the 
20 maize ubiquitin promoter. In addition, there are. for example, organ/tissue specific promoters, 
for expression in seeds, mbers. immature fiuit, mature fruit, pollen, roots and other organs. 

The above examples are provided to better elucidate the practice of the present 
invention and should not be interpreted in any way to limit the scope of the present invention. 
Those skilled in the art will recognize that various modifications can be made to the methods 
25 described herein while not departing from the spirit and scope of the present invention. 



15 



PCr/IL99/00396 

WO 00/05390 

CLAIMS 

What is claimed is: 

1 A method for controlling starch synthesis in tomatoes comprising: 

providing a population of plants derived from interspecific crosses of 
5 Lycopersicon spp. with Lycopersicon esculentum genotypes; and 

selecting individuals of said population that each contain an allele of a gene that 
increases starch synthesis, said gene originating from said Lycopersicon spp. 

2 The method according to claim 1 wherein said step of selecting compnses 
selecting individuals that each contain the allele of the gene that encodes for an enzyme that 

1 0 catalyzes a metabolic step in starch synthesis. 

3 The method according to claim I wherein said step of selecting comprises 
selecting individuals that each contain the allele of the gene that encodes for a subunit of 
ADPGPPase. 

4 The method according to claim 1 wherein said step of selecting compnses 
selecting individuals that each contain the allele of the gene that encodes for a Lycopersicon 
hirsuttim-dawtd subunit of ADPGPPase. 

5. The method according to claim 1 wherein said step of selecting compnses 

selecting by using a molecular marker for said gene. 

6 The method according to claim 5 wherein said molecular marker comprises step 
of selecting comprises a Lycopersicon /,/r.«/«;n-derived large subunit (LS 1 ) of ADPGPPase. 

7 The method according to claim 2 wherein said step of selecting compnses 
selecting by measuring activity of said enzyme in young fn.it and selecting those young fniit 
with high activity of said enzyme. 

8 The method according to claim 2 wherein said step of selecting compnses 
25 selecting by measuring ADPGPPase activity of said young fivit. and selecting those young ftua 

wth high ADPGPPase activity. 

9. The method according to claim 1 wherein said Lycopersicon spp. comprises a 

Lycopersicon spp. of green-fruited Eriopersicon subgenus. 

,0. The method according to claim 1 wherein said Lycopersicon spp. compnses 

30 Lycopersicon hinutnm. 

n. A method of producing genetically transfonned plants which have elevated starch 

content, comprising the steps of: 

a) insening into the genome of a plant cell a recombinant double stranded DNA 
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molecule comprising 

(i) a selected promoter 

(ii) a structural DNA sequence that causes the production of an RNA sequence 
which encodes the above described ADPGPPase LSI protein 

5 b) obtaining transformed plant cells 

c) regenerating from the transformed plant cells genetically transformed plants with 

elevated starch content. 

12 The method according to claim 1 1 wherein said plant cell is selected from the group 
consisting of a tomato cell, a potato cell, a cell from a solanaceous plant, a legume cell, and a 
10 grain crop cell. 

13. The method according to claim 1 1 wherein said promoter is selected from the group 
consisting of an immature fruit promoter, a tuber promoter, and a seed promoter. 
14 The method according to claim 11 wherein said step of regenerating comprises 
regenerating genetically transformed plants with elevated starch content in an immature fru.t. 
,5 15. The method according to claim 11 wherein said step of regenerating compnses 
regenerating genetically transformed plants with elevated starch comem in a tuber. 

16. The method according to claim 11 wherein said step of regenerating compnses 
. regenerating genetically transformed plants with elevated starch content in a seed. 

17. A method according to claim 1 and additionally comprising the step of propagatmg said 

20 individuals of said population. 

18. A method according to claim 17 wherein the step of propagating includes the step of 

vegetative propagation. 

19. A method according to claim 17 wherein the step of propagating includes the step of 
propagation by seed. 

25 20. A method according to claim 1 1 and additionally comprising the step of propagaimg 
said genetically transformed plants. 

21. A method according to claim 20 wherein the step of propagating includes the step of 
vegetative propagation. 

22. A method according to claim 20 wherein the step of propagating includes the step of 

30 propagation by seed. 

23 A plant produced according to the method of claim I . 

24. A plant produced according to the method of claim 1 1 

25. A fruit produced by a plant in accordance with claim 23 . 
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o6 A fruit produced by a plant in accordance with dair. 24 
26. A iruii p accordance with claim 2j 

,7 A seed which when grown yields a plant . , , ,4 

Is CACATTGCTC GAACGTATTT ^GGCAAT^^ ggaAAAAAAT 
S^xr AaGGTA CTAGCTGCAA CTCAGACACC louuo gGTTTTTGAG 

rS™^GG aacagcagat gctgtc agaa aatttatatg ^^^^^c a 

toil TTGATGATTA CAATGTCCAA GCATACATTl ^^CC TCACACAAGA 

1551 AAC AGITATA TGA 
SKSLKLEKKEKia^GyAYSVTO^^ 



wo 00/05390 19 



PCTAL99/00396 

WO 00/05390 

1/1 




UJ 2 - 



Z 7 

95-929 




_ I L 

M-82 




FIG. 1 



J ^ ^ ^ 

5 6 7 8 

TSS 



WORLD irmUJECnjAL PROPERTY ORGANIZATION 
woKuu inniij—j^^^^^ Bureau 





(„) muroauonal Application Number: PCr/IL99/00396 
(22) InUr«aona. FUing Date: '9 Ju.y 1999 (19.07.99) 



(30) Priority Data: 
125425 



20 July 1998(20.0758) 



ll^anter. P.O. Box 6. 50250 Beit Dagan (U.). . 
(72) Inventors; and SCHAFFER. Arthur. 

m^reiTOIKOV. Marina DUILl: Bernstein SBtet 55/22 
KS.^ iion (ID. BAR M<»he (lUlLl: N-vU 
^ Street 10. 75246 Rishon le Zion aD- 

(74) A««.ls: COLB. Sanford, T. ct al. Sanfonl T. Colb & Co.. P.O. 
(74) AgMW ^^^^ ^j^j 



^ SD SU SZ. UG. ZW). Eurasian patent (AM. 
^ ^' KG ■ KZ^^ m5. RU, n, TM). European ^tem (AT. 
^ cn CY DE, DK. ES. Fl. FR. GB. GR. IE. FT. LU, 
MC ^ ^' S. OAPI Patent (BF. BI. CF. CO. O. CM 
GA W. mL MR. NE. SN. TD. TG). 



Published 

(Krt internaaonal starch report. 

(88) Da.e of pub.ic.Uo„ of th. i»ter«.U.»-l «.rxh ^ 



SYNTHESIS 



(54)TiUe: CONTROLLING STARCH 
(57) Abstract ««»»l«tion of plants derived from interepccific at«scs 



Codes used to identify 



FOR THE PURPOSES 
States party tothePCT on the front 



OF INFORMATWN ONLY 

pages of pamphlets publishing international applications under the PCT. 



AL 
AM 
AT 
AU 
AZ 
BA 

BB 

DB 

BF 

EG 

BJ 

BR 

BV 

CA 
CF 
CC 
CH 

a 

CM 

CN 

cu 
cz 

DE 
DK 
EE 



Afbttiis 
AnDcnia 
Ausim 



Belgiuni 
BttikiMFaio 



BeUnu 

Cwwl African Rq»Wic 
Ctted'Woiie 



Cttbi 

Czech Republic 
Germany 



Esunn 



ES 

n 

FR 

GA 
GB 
GE 
GH 
GN 

GH 

HU 

IE 

lU 

IS 

IT 

JP 

KE 

KG 

KP 

KR 

KZ 
LC 
U 
LK 
LR 



Spain 
FhiUnd 
France 
Gabon 

United Kmsdoni 

Georgia 

Ghana 

Guinea 

Cieece 

Himgaiy 

Ireland 

brael 



luly 
Jipw 

Kenya 
Kyriynan 
Dooocntic People** 
ReiiiiblicofKMta 
Hepabfic of Koiea 



Saini Luda 
Liochtemtem 
Sri Lanka 
Liberia 



LS 
t-T 

ty 

MC 
MB 
MG 
MK 



Lcaotho 
Uihaania 



Kepablic of Moldova 

Madagascar 

The former Yugoslav 

ftepubiie of Macedonia 



ML 


Mill 


MN 


MongolU 


MR 


Mnuitanta 


MW 


Mtlawi 


MX 


Mexico 


NE 


Nijcr 


NL 


NeUierteidB 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


f^onngal 


RO 


RomaaU 

Rvnian Fedentiion 


RU 


SB 


Sodan 
Sweden 


SE 
SG 





51 


Slovenii 


SK 


Slovtkia 


SN 


Senegal 


SZ 


Swaiiland 


TD 


Oiad 


TC 


Togo 


TJ 


TajiUaUR 


TM 


Tuikmeaislan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


Unifed Stales of America 


uz 


Uxbckittan 


VN 


Vict Nam 


YU 


YogosUvia 


ZW 


Zimbabwe 



INTERNATIONAL SEARCH REPORT 



ioidAwOcattonNB 

PCT/IL 99/00396 



A. 

IPC 



'^T^'ambW 12N15/54 C12N9/12 C12N5/10 C12Q1/68 



AOlHl/04 A01H5/00 



a giBJS SEAWCHEP 

IPC 7 C12N AOIH 



than mirAreim ckjcufwrtaflon to 



th« wtBrt ttut such doninwrtft I 



»lnGhiM InthelWdBMchad 



"vMliarapmattcal search tenm used) 



>vvnnigiffSCOWSg?aCTT0BERELEVAKT 



AZAMZA F ET AL: "Genes from Lycopersicon 
chmielewsKII affecting tomato quality 

vol. 91, no. 3, August 1995 (1995-08;, 
pages 495-504, XP000910662 

ISSN: 0040-5752 
the whole document 

-/— 



■8pecl«tc alauiJ il»«o<ci«dito.»iiiw«» 

tamMBwdtob«c>paiteilarw<ewnos^ 
«rrief«toMTHrtbupulilsh.d«isratorm* Jnwnrtonol 

SSonoro«hsr.p«*«»nM«on(« "'^^..e^WH-i « 
dooun«ntn-Brti«to«anidsck-um.»i-. «hWttonor 



No. 



1.5. 

17-19, 

23,27 



•P- <toounw«publshadprtqftot^ fiBngdatebur 



b8laofths-ctuaieoiTV*ibPnollf»i«»^^ 

25 May 2000 



Mm and matting 



BolthetSA 



NL-2280HVHiiB«i?« 
•5t(43t-70)34<WS>«0-TK.31 651 cponl. 



Foim PCT^aAOlO (Meond ■ 



ID 

tn ttw aft. ^ ... 



14/06/2000 



AuthortXfldoMoer 



Holtorf, S 



page 1 of 4 



INTERNATIONAL SEARCH REPORT 



xi^ Apflleattoo No 

PCT/IL 99/00396 



TnetovsntlodainiNo- 



nTW&B M ET AL- "THE REUTIONSHIP BETVEEM 

vol. 106, no. 4, 1981. pages 415-418. 
XP0009U193 
ISSM: 0003-1062 
the whole document 

STARK DAVID M ET AL: "Improvenent of food 
quainy traits through enhanceaent of 

^S^e'™^^^^^^^^ KENTUCKY. USA; 

products and applications. 1996 New ion. 
Aeadettr of Sciences 2 East 63rd Streex. 
jSiJrvSkrMew York 10021. USA ISBN: 
1-57331-047-6 

fruit undergoing transient starcn 

ftSTJHYSroi-iGY (ROCKVILLE) 1997 
vol. 113. no. 3, 1997. pages 739-746, 
XP002137704 

ISSN: 0032-0889 
cited in the application 
page 745 

™IEMCt-SAtr LAKE ClTTr, UTAH, US»i M^l 

ll{%'^m. 3. 1997. p.,. SSI XfO'O'"'"' 
Hortscience 1997 
ISSN: 0018-5345 
the whole document 

-/- 



1-30 



INTERNATIONAL SEARCH REPORT 



;;;v^nlBnSCOW SlDEIgDTOBEHhL£VAKT 



iJltVITIES iS OEVELOPIHI! FBUIT OF 

vol. 95, no. 2, 1991, pages 623-627. 
XP002137705 
ISSM: 0032-0889 
cited in the application 
the whole document 

uo 94 22289 A (SCHAFFER ARTHUR ;PERI DEV 
SpLIC 1985 LTD (ID) . 
13 October 1994 (1994-10-13) 
the whole docunent 

uo 92 14831 A (SALK INST BIOTECH IND) 
f Sejtimber 1992 (1992-09-03) 
the whole document 

PARK S -W ET AL: •Molecular cloning and 
nlXn-s^iflc expression of three 
SSriS^f to-atS ADP;glucose 

SSJ-'S'iSrrRNAnoSSJ JOURNAL ON 6ENES 
S5!'geSSheS:Ib EL^ SCIENCE 
PUBLISHERS, BARKIN6. 

r2'3a5!tfy"?99l'(1998-Ol-12). pages 
215-221, XP004108898 
ISSN: 0378-1119 
the whole document 

u»n»<: R FT AL- "PCR-generated molecular 
Krs ?Ir*L J.«rt.s. ami »cros. 
accumulation in to"f^* -cucncs 1995, 

XP0b091O663 
ISSN: 0040-5752 
the whole docunent 

uo 91 19806 A (HOHSAHTO CO) 
5? December 1991 (1991-12-26) 
page 9,59 



atD daitnNa.. 



1-30 



1-30 



1-30 



30 



1-30 



1-30 



page 3 of 4 



SCHAFFER ARTHUR A ET AL: "ADPglucose 
pyrophosphoryUse activity and starch 
accuEulatlon in immature tomato fruit The 
effect of a Lycoperslcon hlrsutum-denved 
introgresslon encoding for the large 

plaStIcience (shaknon). march 21. ZOOO. 

a March'aSSi (2000-03-21). pages 135-144. 
XP000910545 
ISSN: 0168-9452 
the whole document 

SCHAFFER ARTHUR A ET AL: "M«l^t<«=»*l«;" f 
carbohydrate content in developing tonato 

fruit." _ 
HORTSCIENCE OCT.. 1999, ,,qoQ-lO) 
vol 34 no. 6, October 1999 (1999-iu;. 
pag^s 1024-1027, XP000910546 
ISSN: 0018-5345 

page 1024. right column; page 1025, page 
1026; right coluim 



INTERNATIONAL SEARCH REPORT 

Irtomwllon on pittnt twnay Rwnt«« 

"Stent <tocumem I P^aHion 

cited in saaich report 

UO 9422289 A 13-10-1994 



VIO 9214831 



03-09-1992 



UO 9119806 



26-12-1991 



Patera lamSy 
msmbeita) 




AU 
US 

AU 
BR 
EP 
HU 
HX 
US 
US 



AU 

AU 

CA 

EP 

FX 

NO 

US 

US 



6496294 A 
5817913 A 

1456292 A 
9205480 A 
0573566 A 
66831 A 
9200751 A 
5576428 A 
5665579 A 



644203 B 
8220291 A 
2081885 A 
0536293 A 
925228 A 
924893 A 
5498830 A 
5608149 A 



24-10-1994 
06-10-1998 

15-09-1992 
01-03-1994 
15-12-1993 
30-01-1995 
01-09-1992 
19-11-1996 
09-09-1997 



02-12-1993 
07-01-1992 
19-12-1991 
14-04-1993 
18-11-1992 

11- 02-1993 

12- 03-1996 
04-03-1997 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 



m BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



M LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




